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Wo» John TKOMPsoN-KENmoorr LiMnm>, 
a CcmpBsxy registared undeir ^ laws of 
Gzeat Bntain» ot EttmgshaQ. WolvediaiD|H 
ton, in CowAy of Stafkad, Baglapd, do 
hcoxeby deciairo fte iaveiUJCHi* for whidi yr^ 
my tiiat a pot^ b& graoled to uB, and 
tb^ meAod hv yfbisii ft is to be pedoaned, 
to bd paztkmady described in and by the 
following Btaleineot: — 

Th^ pce^t <Qiveiition ardates to a method 
<3i pajcEiiig a oDeceptade yrisk comminated 
ma&sM and particulaiciy but not exclusiv^, 
to 1^ method of packing a oompaziinfint' of 
an dectrodialysis ai^raiatns witii an ixm ^- 
chan^ lesin. Hie appamt^ may. for ex- 
ample, bso an fdbotxodialysis af^atus as 
descadbed in the Gosr^lete Specification ci 
ovs co-peodicg l?Bimt AtmUcaticm No. 
14825/59 {Sedal No. 893,051^ 

Some cbmmhmted matedals» for example 
ion cKchange cesins, ace difficult to pack 
into a leoqpitacle when w^ because itihe 
partides become tacky and stick not oMv to 
one anoth^ but to anylMng else with whk^ 
they come ii^ contact* Such matenals can 
be packed into the receptade in tilie dry 
state but when they become wet» either due 
to abs(»ption of water from ^ atmosj^ere 
or because they axe we^ed in use, ihey 
subject to an incroase in voltone^ whidi, in 
the case of an icm eosdiange resm, is of the 
€ERierofl2%, lia some cases, tins difiScutty 
can be oveccocme inooa^toldy fil&ig Ae 
recqpiabte In' a calcal^ amount bot 
not a aalis&ctoiy soSn&m if Ibe wals ci 
ibo aeoeptade aie oonstnictBd of a sda^ 
tivdtjr fionsy mala»ial aa. for eaampH ^ 
menmrmies of an elcctsrodlaiysis app^ratm 
oompaiTtment^ when the pics^ure piodoced 
by ^ increase &i volume <^ me com* 
mmuted material would defoim ^ walls 
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rather than cause the Tnaterial to move and 
fin up the space diat has been left in the 
zeo^ptadOi 

It is an object of the present inventioa to 45 
pEDDvide an improved melhod of paddng a 
seoej^cle witti co m minut e d ma&edal' in 
whidi the diflfkailties viemA to above are 
materially redpoel 

Aoconmng to one aspect <tf die preseitt in- 50 
VBUtion a method of padiikig.a receptade 
mih comminuted mato^ csnnprises pack- 
ing the material into the receptacle xmder 
pressuce* su^pocth^ the walls of the lecep- 
tade to resist d^ormadion thereof by the 55 
pbcssmre applied and by any pressure pro* 
dnced by an increase in volume of Hoa pn- 
ddes of the material and subsequently le- 
modng the si^port feom liie waBa. 

The material may be canied into ^ re- 60 
oeptade entrained in a stream of conqpressed 
air and the air allowed to escapcv The anr 
may be moist air and/or the method nsay 
be caiiied out in a humidity o(mtDoI]ed atmo- 
sphecev 66 

Advantageously when the matedal is sudi 
that it inoreases m volnme on being wetted 
with water a part of the receptade is left 
unpa<±edand the mateial is wetted to cause 
it to inocease in volume to fill said reoep- 70 
tade before removing tiie support from ^ 
wans. 

Attemativdy the matedal is carded into 
the ceccptade entrained in a stxeam of water 
and eixoess water is allowed to escape. Tl» 75 
tempcxstia^ <rf the mateizal and of water 
tap^ an inteistices betvroen patiides of 
the matedai may then be lowered to cauae 
the trapped water to teeze and b<Hid the 
paxFtldes together. 80 

If the xnatedal has been earned into tiie 
leeeptsde ki a dfy states k may be wetted 
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with water and the teropexatme of the ma- 
terial and water may mea be low^ed to 
cause the water trapped in ii^erstices be- 
tween particles of die mat^al ix> freeze and 
5 bond l^e partides togedier. 

So that the invention may be deady 
imdeistood tbe anggJicatian of die pi^sent 
method to die ^jsnaang of a compartment of 
an electcodial]^ apparatus will now be de*- 
10 cdbed by way of esampl^ z^erence bebg 
made to die aocompanyuog drawings |n 
isWch:~ 

Figure 1 is a perspecdve view with parts 
taiken away of a compartment of an dectio- 
16 di^^ apparatus; 

Figme 2 is a section on die line IE— n 
of ^ 1; 

Inures 3 and 4 each show dia^:amina£ic- 
ally means fox feeding a sesin into a com- 

20 p^tmeoit; 

Hgures 5 and 6 each show diagrammatic- 
aJly installadcms for feeding xe^ in the 
foion of a slmzy into a compartment; and 
Figure 7 is a longitudinal secdon of a 

S5 conQ>artment prepared for filling ^th rean. 
A simple dec&odialysis apparatus com- 
prises a imit of dtcee compartments arranged 
so that the centre compartment is divided 
btm the two outer cOTipartmraits by per- 

30 meatile membranes. An dectrcde is idaiced 
in each <A the outer ccmp^tments and die 
liquid to be processed is allowed to flow 
through the centre compartment In a large 
electrodialyas- apparatus diexe may be a 

35 Inge mimber of compartaients disposed be^ 
tween die dectrode compaitmentB» eadi one 
bdng «epa2ated fioom die next adjcnning 
oompaxtmemt by a permeable membrane. 
One .sdt of' aitema^ compartments are 

40 tmnrf cono^rtrate compartments* Le, the 
compartments into which ions migrate und^ 
die mfiuence of die eleotdc current passing 
between the elecdnides, and die oth^ set of 
alternate compartments ai^e tenned dSuate 

45 compliments ie. dte compcotments from 
wfai^die ions migrate. Generally the 
volume of the concentrate compartments is 
made sm^er dian diat of die diluate com- 
parbsi&Qtts. by making the distance betwe^ 

50 dieir botmding membranes smaller, because 
the flow H^oid throng a concentxate com* 
partmcat is made as small as possible from 
an ecoiumiic point cl view. 
Each compartment whether diluate or con,- 

55 centrate^ oomimses an annidar s^arator 1 
of lectangular or square diape Iwvmg on 
eacb ^bde a permeable membrane 2 to rom 
a dosed central space 3. Passages 4 Bie 
formed in <ypposed separator ends (or ^es) 

60 to p^3mt w liquid to be dialysed to fk>w 
into and out ofdie central space 3 at a pie^ 
. deieonined rate. FrefKah^ jmeans is pro* 
yided to cause the liquid to flow over the 
whole surface of the membranos bounding 

65 die central space and for dds purpose wdts 



5 may be provided at die ends of die sepac- 
stor adjacent die pass^es. 

The central space 3 ma^ be packed witb 
comminuted matedal 6 insoluble in the 
fiQoid being passed di^eduough to act bodi 70 
as a sappott for die membranes 2 and to 
spread the liooid over tiie surface of the 
membranes. Ion exchange resins tsao par- 
ticularly suitable for this purpose as they 
dec»:ase die dectxical re^stance of the com- 75 
partmeot if water containing a low concen- 
tcadon of salt is bdiig desdted thexdn and 
dso considerably decrease polarisation at 
the mmbrano smface. Tbe ion exchange 
resins may be anion or cation resins or a 80 
mixture of both. When the c&otral space 3 
is packed with comminuted material means 
must be provided to prev^ die material 
from passmg out of the space 3 widi the 
liquid bein^ dialysed, such means may be ^ 
m& wdrs 5 re£&rced to above. 

Gaskets 7 may be provided between the 
membranes 2 and die separator 1 to ensure 
diat the liquid entering and leaving die cen- 
tral space 3 does so wy dirough die pass^ 90 
ages 4 iTOvided. 

The sep^tor may be provided widi a 
scalable port (not shown) in one of its wsdls, 
otiber dian the walls containing die liquid 
flow passages, to permit comndnnted ma- 05 
tedal to be introduced into the centrd space 
Biter that space has been sealed by the posi* 
doning €i die membranes. 

Separators of die type just described are 
described in greater detail in the Gomplpte 100 
S^edflcation of die Applicantfs co-pendiiig 
AmMcation mentioned above. 

The compartments may be filled accord- 
ing to the present me&od with the ion 
exdian^e lesm in a dry state, a wet state or 105 
a 63sp&[sed state diat is in the form of a 
thin slray. Frefmbly the resm is packed 
into the compartm^ under sufBcJent pi?es- 
sure^ for example at least 10 lb./sq. in., for 
tiie resin to resist furdier packing wh^ the. HO 
compartment is put into operation. 

To feed die resin Into the compartment 
in a dry stat^ the reshi is first brought to 
die required degree of dryness by a sta^ in 
a humidi^ doamber. A predeteonmed 115 
quantity <^ the resin, whidi is 12% by 
volume less than diar dieoredcally re^nred 
to fill the compartment, is withdrawn from 
the diamber and passed to a feeder device^ 
The feeder device comprises a chamber 8 liO 
having an oudet 9 communicating widi die 
compartment and an inlet 10 duough wi^di 
compxessed air at approximately 20 lb./sq. 
in. can be sapdSkd. Hie camnessed air» 
whidi is (rf die same hunddinr as the 1£5 
hmnidyity diambei; forces die rem 11 into 
die compartmem as wiH be described later. 

To feed the resm into the comi»artment in 
the wet states the resin is mixed wifh a quan- 
tity of water slighdy in eisoess of diat wbicb 130 
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Witt be absorbed by tbc resin paitides them- die sheet to it or by geaemxng electrostatic 

sdvta to fom a damp ma3S. A quantity chai)^ in the sheet and the plate by lubbmg 

12 of the wet resin sufBideiLt to fill the them. The polyethyl^ sheets 23 and 30 

compaitmcntis placed inac^ 13 from are provided to prevcat the mcmlnanes 25 

5 wludi it is fcsoed as a "^plng" through an and 29 when wet from sticking to die plates 70 

piifielMandialothecoaipaaineaUby 34 and 31 respectively. Pressure is then 

iOff water mider psessnro mto tho oonlaiQBr applied to the u|^r 0at6 31 eith^ by 

13^ through an inbt 15« means ot a press or by damping the upper 

To £eed ^ lean into tfio comportment in and lower jwEites 24 and 31 together so that 

10 the form ct a tidn sliHzy. fte xesm is oon- tile gadnts 26 and 28 are compressed there- 75 

tinnonsfy ted finm a Bouroe 22 into a xeoep- by makmg the compartotent water ti^t 

^e 16 wfaicii is also smmlied with water, around its pedphoy. Resin is now fed fxta 

The xeoeptade 16 j$ pro^^ed with a Btion: the comparbnent tfarongha port (not shown) 

17 which causes the re^ to b& uaiformly provided in the ^ waU 6t the separator. 

15 dispersed throughout dio w^* The resin Ibo resin may be in ftie dry state^ wet 8tat» 80 

slurry formed ia fed via a pi^dine 18 into or in tiie form of a tiiin slurry and is f oioed 

die campartment by means A a pump 19 into the compartment at a prasure of 20 

and the excess water escapmg from the ceor 30 lb./sq, in* excces wate of air esc^ung 

teal space of the compartment through the from the liquid flow passms. 

20 liquid inlet and ontlet passage 4 is f edbad: While the sepaia^ 27 is held t^Hy 85 

to the neccrptacle 16 throu^g^ a pipetine 20. against the bottom plate 24. to prevent xesin 

AUemativefy. w^ can bo purnped into a from passing between the lower membrane 

mixing vessd 21 constantly su^Ked mih 25 and the separator 27, the pressureon the 

resin fcom a source 22 so that the flow of upper plate 31 is released and the plate 31 

25 water tfarougli the vessd 21 causes die resin and polyethylene sheet 30 removed. A gasiket, 9(f 

to be carried with the water into fte com- separator^ gasket, membrane are th^ placed 

partment on top of Sie first compartmrat to form the 

To fill the large numb^ ot "etacfc^ of second comp»tmeat and the polyethylene 

compartments forming the normal industrial 30 sheet and upper j^te 31 xepiaced Res- 

30 electrodialysis fdant one of following sure is again applied to the upp^ plate and 05 

procedures is adopted. the second compartment is then filled an the 

A stack of compartments each ccmprismg same maimer as ^ first compertmenL 

membrane, gasket, ^parator. gasket, mem- This procedme is repeated nntfl the stack 

brane is &st assembled with the central comprises the requued nmnber of compart* 

35 space of each compartment left emp^ of mer^ 100 
lesiiL The m^branes are then ditea, as Lu^ may be provided on the sepaartor to 

by passing air through the compartrnwits. enable pressure to be applied to it vthsn 

when they shrin k and tighten ]j& a drum the upper p^ate is removed, 
ddbL M the membranes do not immedi- It wall be ^ipredated that if the compart- 

40 ately assume tiieir odginal dBn^<m on ments are bemg filled with dry resin; the 105 

b«ng rewctted the resin is fed in the wet reshi ha^ snbseqnentiy to be wetted and 

state, under a wata pr^sia^e of at least 10 to fa ja^erably left until after the next 

Ib./sq. in, ^ultaneously kto all of the foUowiM compartment has been filled, 
compattmea^ through the port provided hi In a ftither procedure the first stages are 

45 the^dewallof eadis^»»bir. asiustdesoaibedcxcept that the upper mem- 110 

U desired ^>aoer3 may be insearted in the brane is omitted and the resin » fed into 

con:^}artments to prevent 1he membranes the caun) ar4m ent through an apertuoe (not 

saggmg hxb> ccmtact with each other and so shown) formed substantially centrally of the 

that any tend«icy for the swelling resin to upper metal phle 31 and polyethylene sheet 

50 deiKxm fiie membranes can be resisted by 30. When comportmem is filled with 115 

app^jdng pressure at each end ot (he resta. the resm bong wetted if the dry ffll- 
^ ^, ^ ^ . . technique has been used» ^ ^era- 

Anotfaer pcooeduie wMch may be adopted tare of the compartno^ is tnought down to 

is to placo a sheet 23 of polyethylene on a bdow the fneesang pfmn of Ifaewatec and 

55 flat surface 24 for example a metal or plastic maintamed tt^ unta a haiMfleable mass of 120 

plate, and place a monbrane 25, gasket 26, resin partides Iteki togettur by Hie foona- 

sepMator 27. gasket 28, membrane 29. in tion ice in the interstices between tilie nar- 

that Older on top. A second sheet 30 of tides is obtaked. The pressiHe on^ 

pcdyethjteie is attached to a^flat metal or nppcr metal plate 31 is then rdeased the 

60 plastic plate 31 to pievent it sagging and is |toe 31 sjid polyethyioie sheet 30 removed 126 

placed ov^ the upper m^ltane 29. The and die second mOThrane placed m posi- 

polyelhylene sheet 30 may be ^tadied to tion. The second and fialher compit- 

the plate 31 by, for example ^lyfag water ments may now be built up on the first, eadi 

or a waxy or greasy substance e.g. petroleum o om pa i tmait being frozen after it has been 

^ jelly, to a &ce of ^ ^tote before ajn>4^ fflled and mai^tamed in tiie frozen state 180 
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miMl the stack is compieie smd liie dectio- 
^ahfsb ap^aratca is erected, . 

If desiied eac^ compartineat may be ecu- 
stmcted se^ajst^ and kept in cold stoiage 
IS until 2!eqiiimi to fdon part of a stadc In 
ihis case the pi^snre tm ^ i^ate 31 is 
leased and fhj^ vlai& teffloved bot ^ poIt- 
etbylend sheet 30 is aOowed Id »nam in 
tj^tion to prepveat evapoiatioiii of ^ water 

IP bef<»:d it is fi^zesi. 

. The poly^yiene sheets 23 and 30 aie 
provided to pze^vcait llic wet xesin or mesur 
toane, as tlie case may be^ finsn teezing 
on to the plates 24 and 31 respectively. It 

15 has been found that afcer &e^mg iho plates 
can be easilr parted fEom the polyethykne 
sheets and the latt^ can flioi be peded <^ 
thefiroz^ tesin. 
It has been found that ih^ tempecatoxB 

20 of a i?esin filled oompartnieiit should not be 
iieduced bdow about ndnus 10* C otheer- 
wise the partides of ledn may be nrotmed 
doe to the fcamadon <^ cecals of nozen 
liquid witMn the particle itsdL It w31 be 

25 n^cistood timt tfie fiquid. wi£hhi tbe pax^ 
tide is' a solnl^cm and will Aeiefote lia;ve 9 
lower fmdng point than tbe sdbstantiaQy 
puie mtawiiSi to fte partides daring the 



L Ametibodof paddi^aieceptadewiliL 
odiiimniuted mateoal . cc^n^sing paddng 
the twflterittl into tbe leoeptade under pam- 
sxas^ suppckdng ^ waifis of ^ lec^tade 

85 to'xesist deformation therec^ by tiie pcessure 
apjpiMed and by any pressure produced by an 
increase in volume tt^ pratkles of lSbo 
aTfift t-ftrifli and snb^iijaDi% temoving die sup- 
port ficom thie walk.' 

ijO 2, *rhe method acocucding to Qaim I, 
herein the material is earned into ^ le* 
ceptade Strained in a streani of oompGBssed 
ab and die air allomd to escapew 

3. Hie metiiod aoooiding to Oaim X 
^ wherdn &e ak is moist 

4. 'Die method according to Qaim 2 or 
3. wiiecdn the pacUng is effected in a 
Inind^ily confiroOed ^mosphereu 



5. The method according to Qaim 2, 3 
or 4 wherein yi/hsa the material is such that 60 
^ increases in volume on bdng wetlsd with 
water a |»it of tiie receptade is Mt un- 
padoed and the ma^ial U wetted to cause 
tt«> iiKzease in volume to fill said receptade 
b^tiie removmg the st^port from the waQs. 55 

& The memod accordhig to Oaim 1» 
wherein the ma&Kdal is carried into tlie re- 
cepcade entrained in a stceam of water and 
excess water is allowed to escape^ 

7. The method accordmg to Oaim 6. 60 
wheidn the temperature of & matodal and 

of wat^ Mf^ed in intrastioes between par- 
ticles of the material is lowered to cause the 
trapped water to freeze and bond the par- 
tides ^Dsetha. ^ 

8. Ine method accocdiog to Oaim 1 or 
Claim 2. whscdn subsemient to its padc- 
tig wid±i die neoeptade tib» matetml is 
wetted widi water aiul die iCTperatnce of 
fba material and water is lowered to cause 70 
the wstQT tr^ped in interstices between par- 
tides of the material to fieeze and bond 
partides togedier. 

9. AxeoeptadepadcedwidieoflunhLUted 
matedal by die me&od of any one of the 75 
preceding ^^l^jfai^ 

.10. A coiE^>ffltmeQt of an dectrodial]^ 
appmtus padded with a commmutad icm 
exchange resin by the method of any one of 
Claims 1 to 8« 80 

11. A method of paddng a receptade 
with ccnmninuted material substanMalby as 
berdn described wi!Qx lefea^eisce to Hgs. 1 
and 2 and any one of Bgs. 3 to 7 of tile 
accoi&q)anying drawings. 35 

Fic»r the Applicants, 
RAWORTH, MOSS *COOK. 
Quartered Bateot AgeQt$» 
38 Sydenham R<Nui, 
GroydcHi. Surrey, 
and 

75 Yictcm Street. 
Westuunster. 
London, S.W.L 
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